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Introduction 

The present invention relates to a pressure sensor 
comprising a housing with a bottom part, and a sidewall 
5 extending upwardly and forming an opening in an upper 
surface of the housing, and a membrane covering the 
opening to provide a substantially closed cavity in the 
housing. A pressure applied to the membrane from outside 
can influence the pressure in the cavity which is sensed 
10 by a pressure sensing arrangement generating an electrical 
signal based on the sensed pressure. 

Background of the invention 

Pressure sensors of the above described kind are used in 
numerous applications, e.g. in connection with operation 
15 of combustion engines, chemical process plants and 
refrigeration systems. 

In semiconductor based electronic pressure sensors, a 
silicon chip with a semiconductor membrane area 
constitutes the pressure-sensing element. An extensometer 
20 is mounted to the membrane area for registering deflection 
in the membrane area when it is exposed to the pressure of 
a medium. 

In the heretofore known pressure sensors, the silicon- chip 
is typically mounted on a base made of glass. The chip 
25 arrangement, constituted by the silicon chip and the glass 
base, is mounted in a housing comprising a membrane for 
separation of the silicon chip from the medium. The 
separating membrane and housing form a sealed space 
surrounding the chip arrangement. This space is normally 
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filled completely with a pressure -transmitting medium, 
e.g. silicon oil through which pressure can propagate . In 
order to transmit the pressure substantially without 
pressure-loss, the pressure-transmitting medium inside the 
5 housing must have a low compressibility. When the 

separating membrane is exposed to a pressure, the pressure 
will be transmitted to the silicon chip and cause a 
deflection of the semiconductor membrane, which deflection 
is detected by the extensometer . 

10 

The required tolerances of the housing are narrow and, 
accordingly, expensive and time-consuming manufacturing 
processes have traditionally been used in making pressure 
sensors of the above-mentioned kind. Typically, the 

15 housing, and in particular the cavity therein, is made in 
a time consuming milling process wherein material is 
removed from a solid piece of a steel block, or the 
housing is made by sintering with subsequent machining. 
Inevitably, this occupies expensive production facilities 

20 for a relatively long time. 

Since the pressure-transmitting medium normally changes 
volume differently from the housing when exposed to a 
change in temperature, the pressure signal deriving from 
the semiconductor arrangement depends on the temperature. 

25 I.e. in response to a specific change in temperature, the 
volume of the chamber, and the volume of the pressure- 
transmitting medium changes differently. Since the chamber 
is completely filled with an incompressible medium, and 
since the chamber is sealed, the volumetric differences 

30 must be compensated by deflection of the flexible membrane 
thereby introducing a deviation in the pressure signal 
which deviation depends on the flexibility of the membrane 



• WO 2004/053449 PCT/DK2003/000849 

3 

and the temperature. Normally, the semiconductor 
arrangement is electrically connected to an electronic 
circuit comprising an arrangement for compensating the 
temperature caused deviation. Such compensating 
5 arrangement is, however, expensive and requires space, and 
the dimension thereof depends on the necessitated degree 
of compensation. 

In order to reduce the deviation caused by a changing 
temperature, it is sometimes attempted to limit the amount 

10 of free space around the semiconductor in the cavity. The 
limited space reduces the amount of pressure-transmitting 
medium necessary to fill up the cavity and thus reduces 
the impact of changes in the temperature. Both US 
5,436,491 and US 4,502,335 disclose pressure sensors of 

15 this kind. These kinds of refined sensors comprise 

housings made from moulded or machined body casings and 
further comprise moulded fillers to reduce the free space 
in the cavity. The design and corresponding manufacturing 
costs of the sensors are even higher than the costs of 
20 making the aforementioned traditional sensors, and the use 
of fillers introduce additional manufacturing steps. 

Description of the invention 

It is an object of the present invention to solve problems 
associated with the manufacturing of pressure sensors. 

25 Accordingly, the invention in a first aspect provides a 

pressure sensor of the kind mentioned in the introduction, 
characterised in that the housing comprises an 
intermediary member attached between the bottom part and 
the membrane and comprising an aperture forming at least a 

30 part of the cavity. 
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Due to the use of an intermediary member attached between 
the bottom part and the membrane, the housing can be made 
in simple and fast production steps e.g. by stamping or 
punching the bottom part, the intermediary member and/or 
5 the membrane out of plate shaped bodies, and subsequently 
assembling the parts, e.g. by welding. The aperture in the 
intermediary member may e.g. form part of the sidewall of . 
the cavity. The intermediary member may be formed by any 
number of parts. It may have a laminated structure made 
10 from a plurality of discs or it may be formed from sectors 
of semicircular disc segments joint by welding. 

If it is desired to limit the amount of the pressure - 
transmitting medium, e.g. to reduce the need for 

15 compensation of the signal from the sensor, the spacing 
around the pressure sensing arrangement in the cavity can 
easily be reduced. In this case, the intermediate member 
can be made with an aperture having a cross sectional 
profile matching the profile of the pressure sensing 

20 arrangement in a corresponding cross-sectional view. When 
the intermediate member is attached between the bottom 
part and the membrane, the aperture forms a sidewall of 
the cavity, and due to the matching cross- sectional 
profiles of the aperture and the pressure sensing 

25 arrangement, the amount of pressure -transmit ting medium 
necessary to fill up the cavity is reduced. The possibly 
somewhat tortuous profile of the aperture can be made in 
the intermediary member using any convenient process known 
in the art, e.g. a stamping process, and it is thus 

30 possible to make the profile at a high speed even within 
narrow dimensional tolerances. If additional space is 
required for electrical connections between the pressure 
sensing arrangement and external equipment, the aperture 



WO 2004/053449 



PCT/DK2003/000849 



could be punched in any shape and thus provide the 
necessary space for such additional components. 

As an example, it may be desired to arrange connecting 
pins through the bottom part and into the cavity for 
5 establishing electrical connections through the housing. 
The openings in the bottom part may be punched or stamped 
in one and the same operation in which the general shape 
of the bottom part is made and the intermediary member may 
have an aperture, e.g. with a cross sectional shape as a 
10 star, leaving space in the middle for a pressure sensing 
arrangement and space in the projecting points or fingers 
of the star for the connecting pins. 

In a specifically simple and easily manufactured 
embodiment, the intermediary member and the bottom part 
15 are joined in matching plane surfaces. The bottom part 

and/or the intermediary member could be made from a plate 
shaped material, e.g. of a non-corrosive material such as 
stainless steel, a ceramic material or Kovar. Similarly, 
the membrane could be made from a disc of stainless steel. 

20 The bottom part and the intermediary member could be 
joined by laser welding, Electron Beam Welding (EBW) , 
Wolfram Inert gas welding (WIG) , resistance welding or by 
soldering or gluing. The membrane could be fastened to the 
intermediary member by any similar process, e.g. by use of 

25 a ring extending circumf erentially around the outer 

peripheral edge of the membrane and preferably overlapping 
this edge. 
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Preferably, the pressure sensing arrangement is a 
semiconductor arrangement having a base, e.g. made of 
glass . 

A conduit for filling the cavity with the pressure- 
5 transmitting medium, e.g. silicone oil, may be made as a 
penetration through one of the bottom part and the 
intermediary member. The hole could be sealed with a 
closure having the shape of a spherical ball and being 
fastened to the hole via welding, e.g. resistance welding. 
10 Such welding may be conducted with the housing submersed 
into silicon oil. In one embodiment, the conduit is formed 
between the bottom part and the intermediary member, e.g. 
by making a groove in the surface wherein the intermediary 
member and the bottom part are joined. 

15 Electrically conductive pins entering into the cavity e.g. 
through holes in the bottom part or in the intermediary 
member for electrically connecting the semiconductor 
arrangement with outside equipment may preferably be 
electrically isolated from the bottom part or intermediary 

20 member, in particular if the bottom part or intermediary 
member is made from an electrically conductive material. 

The membrane could be attached to a first contact flange 
of an upper surface of the intermediary member, i.e. 
opposite the surface where the intermediate member is 
25 attached to the base part, e.g. by welding, gluing or by 
similar assembling processes. In order to ensure a more 
solid fixation of the membrane to the intermediary member, 
a supporting ring could be fastened on top of the 
membrane, e.g. in a welding operation wherein the 
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supporting ring is welded to the membrane, and to the 
intermediary member. 

4 

In order to reduce contact between the membrane and the 
intermediary member, the first contact flange may form a 
5 circumferentially extending elevation of the upper surface 
allowing the membrane to rest on the contact flange and to 
remain unsupported by the remaining part of the 
intermediary member. 

In a similar manner, the supporting ring may have a second 
10 contact flange of a lower surface thereof, i.e. on a 
surface opposite to an upper and outer surface of the 
supporting ring when attached to the membrane and to the 
intermediary member. The second contact flange is attached 
to an outer surface of the membrane above the first 
15 contact flange, and in order to reduce contact between the 
membrane and the supporting ring, the second contact 
flange may form a circumferentially extending elevation of 
the lower surface. 

According to a second aspect, the present invention 
20 relates to a method of making a pressure sensor s comprising 
a housing with a cavity having an opening in an upper 
surface of the housing, a pressure sensing arrangement 
placed in the cavity for sensing pressure, and a membrane 
covering the opening and attached to the housing to 
25 provide a substantially closed space in the cavity, 
wherein a bottom part and an intermediary member is 
assembled to form the housing, characterized in that the 
membrane is attached to a contact face of the intermediary 
member. 
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In particular, one of the bottom part and the intermediary 
member may be formed in a stamping process. 

The method may be combined with any step necessary for 
making any of the aforementioned embodiments of a pressure 
5 sensor. 

Detailed description of the invention 

In the following, the invention will be described in 
further details with reference to the drawing in which: 

Fig. 1 shows an exploded view of a first preferred 
10 embodiment of a pressure sensor according to the present 
invention, 

Fig. 2 shows an isometric view of the pressure sensor of 
Fig. 1, when it is assembled, 

Fig. 3 shows a cross-sectional view of the pressure sensor 
15 of Fig. 1, 

Fig. 4 shows a cross -sectional view of an alternative 
embodiment of a pressure sensor, 

Figs. 5 shows a cross-sectional view of the pressure 
sensor along C-C in Fig. 4, and 

20 Figs. 6 and 7 show sectional views of alternative 
embodiments of the pressure sensor. 

Fig. 1 shows an exploded view of an electronic silicon- 
based pressure sensor 1 comprising a housing made from a 
plate shaped bottom part 2 fastened on a first surface 3 
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to a plate shaped intermediary member 4 . The intermediary 
member is penetrated by an aperture 5 forming, in 
combination with the bottom part 2 and a flexible membrane 
6, a closed cavity (numeral 28 in Fig. 2) for housing a 
5 semiconductor arrangement 7. The bottom part comprises a 
base for fastening the semiconductor arrangement to the 
bottom part. The pressure sensor further comprises a 
supporting ring 9. The bottom part 2 has the shape of a 
circular disc made with four holes 10-13 penetrating the 
10 bottom part to form apertures into the cavity. 

Electrically conductive pins 14-17 are arranged and fixed 
to the apertures via an electrically isolating glass 
material (shown in Fig. 2) . Each pin is held in a position 
wherein a smaller part of the pin projects out from the 
15 upper surface 18 of the bottom part 2 whereas a larger 
part extends from the opposite lower surface 19 of the 
bottom part. Each pin is, moreover, positioned so that 
they do not touch the inner surfaces of the apertures. In 
addition to the four holes, an oil-channel 20 for filling 
20 the cavity with a pressure -transmit ting medium such as 

silicon oil is made in the bottom part. The oil-channel is 
formed by a hole penetrating the bottom part, and which 
has a circular cross-sectional shape. The pressure channel 
30 is described in further details later. 

25 The contact flange 21 forms a circumf erentially extending 
elevation of the upper surface of the intermediary member. 
In a corresponding manner, the contact flange 22 of the 
supporting ring also forms a circumf erentially extending 
elevation of the lower surface of the supporting ring. 

30 The elevated flanges 21, 22 provide free space between the 
membrane and the intermediary member and supporting ring, 
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respectively. The free space is better seen in Fig. 2. The 
elevated flanges are introduced in order to reduce contact 
between the membrane and the intermediary member and the 
supporting ring to a minimum, i.e. so that contact merely 
5 exists along an outer peripheral edge of the parts whereby 
the movement of the membrane is less influenced by the 
housing. 

The semiconductor arrangement is fastened to the base by 
glue 37. The semiconductor arrangement comprises a chip 23 

10 and a glass base 24 joined via an electrostatic process . 
In one area, the chip 23 forms a semiconductor membrane 
25, i.e. the thickness of the chip is relatively low. The 
membrane may be circular, quadrangular or it may have 
other shapes. The area of the semiconductor membrane 

15 deflects upon impact of a force and the size of the 

defection is determined by extensometers in a manner known 
per se. The semiconductor arrangement is connected to the 
pins via electrically conductive wires (not shown) . Via 
the wires and the electrically conductive pins, it is 

20 possible to transmit a signal representing the deflection 
of the membrane out of the housing of the pressure sensor. 
In the disclosed embodiment, the semiconductor arrangement 
has a rectangular cross sectional profile but 
semiconductors with alternative profiles exist. 

25 Corresponding to the bottom part, the intermediary member 
has the shape of a circular disc. The intermediary member 
is made with a hole 5 forming an aperture in the housing, 
which aperture is sealed by the flexible membrane. As it 
appears from Fig. 4, the inner cross-sectional shape of 

30 the aperture is fitted to the outer cross sectional shape 
of the semiconductor arrangement and the pins. The pins 
are arranged to form corner points of a rectangle around 



. WO 2004/053449 PCT/DK2003/000849 

11 

the semiconductor arrangement, which semiconductor 
arrangement thereby forms the centre of the rectangle. 

The thickness of the intermediary member corresponds 
substantially to the distance from the upper surface 26 of 
5 the semiconductor arrangement to the upper surface 18 of 
the bottom part. The membrane 6 is a thin circular plate 
with concentric corrugations 27 which enhance the 
stiffness of the membrane and which gives the membrane 
substantially linear pressure/displacement 

10 characteristics. The supporting ring 9 has the shape of a 
circular ring. The supporting ring 9, the intermediary 
member 4, the bottom part 2 and the -membrane 6 are made 
from an anti corrosive material, e.g. stainless steel. 
Stainless steel is preferred since it facilitates 

15 assembling of the parts by welding but other materials 

which are suitable for the applied pressures of a specific 
application could be considered. 

The shape of the bottom part, the intermediary member and 
the membrane is chosen to facilitate an easy 
20 manufacturing, e.g. in a stamping or punching process. 

Fig. 2 shows an isometric, cross-sectional view of the 
assembled pressure sensor. The semiconductor arrangement 
is arranged in the rectangle formed by the pins. The 
intermediary member is attached to the bottom part e.g. by 

25 welding, e.g. laser welding so that it encircles the 

semiconductor arrangement and the parts of the pins which 
project out of the upper surface 18 of the bottom part. 
The membrane 6 is arranged concentrically on top of the 
intermediary member, and by means of the supporting ring 

30 9, it is welded onto the intermediary member. The elevated 
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flanges of the intermediary member and of the supporting 1 
ring which have been introduced to reduce contact between 
the membrane and the intermediary member and the 
supporting ring to a minimum, are clearly seen in Fig. 2. 

5 The cavity 2 8 created by the housing and the membrane is 
filled with a pressure- transmitting medium, e.g. silicone 
oil which is injected through the oil channel 20, and 
subsequently, the channel is sealed with a closure ball 
29. The closure ball could be made in a dimension so that 
10 it must be pressed into the opening whereby a tight 

sealing is provided, or the ball could be attached in the 
opening e.g. by welding, e.g. by resistance welding 
thereby forming a sealed cavity in the housing. 

The measuring of the pressure is carried out when the 
15 membrane 6 is subjected to a pressure, e.g. when the 

pressure sensor is mounted in a pressure pipe, e.g. in a 
chemical process plant. The pressure deflects the membrane 
6 and propagates via the silicon oil to the semiconductor 
arrangement. In the semiconductor arrangement, the 
20 deflection of the semiconductor membrane area is sensed by 
the extensometer , and a signal representing the pressure 
is transmitted out of the pressure sensor via the pins . 

Fig. 3 shows a cross-sectional view of the pressure sensor 
of Fig. 2. As shown the sensor includes a pressure channel 

25 3 0 establishing fluid communication between a reference 

pressure chamber 31 of the semiconductor arrangement 7 and 
a reference pressure medium, e.g. the surrounding 
atmosphere. Due to channel 30, the semiconductor membrane 
25 deflects according to a pressure difference between the 

30 pressure in the reference pressure chamber (atmospheric 
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pressure) and the pressure of the medium acting on the 
membrane 6. The pressure channel 30 is optional, but if 
present it provides atmospheric pressure in the- reference 
pressure chamber 31. If the pressure channel is omitted 
5 the reference pressure chamber is typically evacuated and 
sealed, thereby providing a substantially fixed reference 
pressure corresponding to substantially zero pressure. 

Figs. 4 and 5 show an alternative embodiment wherein the 
closure ball 29 is larger than the corresponding ball of 

10 the previous embodiments . The ball is fastened in the 

opening by welding along the joint 38 to completely seal 
the oil channel 20. Also the intermediary member 4, and 
the supporting ring 9 are different from those of Figs. 1- 
3 . In this case the upper surface of the intermediary 

15 member as well as the lower surface of the supporting ring 
are plane. I.e. the contact flanges are not elevated from 
the upper surface of the intermediary member and the lower 
surface of the supporting ring. In order to reduce contact 
between the membrane and the other parts, i.e. the 

20 intermediary member and supporting ring, respectively, the 
membrane comprises a fold 32 raising the middle portion of 
the membrane from the intermediary member. 

In Fig. 4, it is clearly seen that the pressure sensor of 
this embodiment is made for measuring absolute pressure, 
25 i.e. the sensor is made without the pressure channel. 

In Fig. 5, it is clearly seen that the through hole in the 
intermediary member has a shape corresponding to the shape 
of the semiconductor arrangement, i.e. a quadrangular 
shape. For each connecting pin, projecting points or 
30 fingers 33 extend radially outwardly to incorporate these 
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pins into the cavity. The reduced volume resulting from 
the matching shapes of the through hole and the objects 
within the cavity improves the sensor since it reduces the 
amount of pressure -transmitting oil necessary for filling 
5 up the cavity and thus reduces the need for compensation 
of temperature caused deviation. 

Fig. 6 shows an alternative embodiment of the pressure 
sensor wherein the bottom part 34 is made with a recessed 
flange forming an apron ring 35 circumf erentially around 

10 the outer surface of the flange. The apron ring could be 
welded to the inner surface e.g. of a pressure pipe (not 
shown) . In the shown embodiment, the bottom part is formed 
with an axially displaced flange whereby the welding 
surface in a similar manner is displaced axially in 

15 relation to the embodiment of Figs. 1-5. By the axial 
displacement, the distance between the silicone filled 
cavity and the outer surface is increased. Since only a 
fraction of the heat propagates to the cavity, the 
increased distance facilitates welding with an increased 

20 effect without thermally overloading the silicone oil. In 
accordance with the invention, the geometry of the bottom 
part is still simple and can be made in a stamping or 
punching process. 

Fig. 7 shows a third embodiment of the pressure sensor. 

25 The bottom part is similarly made with a recessed flange 
but the outer surface of the flange is provided with an 
increased area of the surface 36 when compared to the 
embodiments of Figs. 1-5. The increased area provides a 
larger welding surface enabling a stronger welding, e.g. 

30 necessitated by large pressures to be measured. To avoid 
thermal overloading of the silicone oil, it may be 
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necessary to cool down the pressure sensor during the 
welding process. Also this geometry of the bottom part may 
be produced in a cost efficient way by stamping or 
punching . 

5 The pressure sensor housings disclosed in any of the 

figures are made by at least 3 parts. The bottom part and 
the intermediary member are made as two separate pieces 
joined by welding. This facilitates a simple manufacturing 
in a punching or stamping process and thus makes it 
10 possible to lower the manufacturing costs. 



